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We extend recent results on domain wall description of superconductivity in an Abelian Higgs model by 
introducing a particular Lorentz-violating term. The temperature of the system is interpreted through the 
fact that the soliton following accelerating orbits is a Rindler observer experiencing a thermal bath. We 
show that this term can be associated with the Kondo effect, that is, the Lorentz-violating parameter is 
closely related to the concentration of magnetic impurities living on a superconducting domain wall. 
We also found that the critical temperature decreasing with the impurity concentration as a non-
single-valued function, for the case TK < Tc0, develops a negative curvature and presents deviations from 
the Abrikosov and Gor’kov theory, a phenomenon already supported by experimental evidence.
© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
In a recent study was put forward an alternative theory of su-
perconductivity in ﬁeld theory through domain wall description of 
superconductivity [1]. Now we extend this investigation by consid-
ering a theory that allows Lorentz and CPT violation. The possibil-
ity of breaking Lorentz and CPT symmetries has been considered 
in many works in the literature [2–4]. On the other hand, there are 
many studies on superconducting solitons as, for example, super-
conducting strings [5,6] and related solutions such as domain walls 
with internal structures [7,8]. Since such soliton solutions can fol-
low non-trivial orbits in the ﬁeld space [8], they are mostly forced 
to move along accelerated trajectories. In the limit of small ve-
locities these solutions can be identiﬁed as Rindler observers [1]
in a thermal bath which allows to introduce temperature in the 
system via Unruh effect, supporting an investigation of thermody-
namic quantities in the domain wall description of superconductiv-
ity. The quantum ﬁeld theory can explain several important effects 
of superconductivity through an appropriate classical regime of a 
quantum ﬁeld theory inspired by the Ginzburg–Landau (GL) the-
ory [9,10]. In the present model, this description uses a dynamical 
complex scalar ﬁeld coupled to Abelian gauge ﬁeld (the Abelian 
Higgs sector) which is responsible for superconductivity of the sys-
* Corresponding author.
E-mail addresses: dbazeia@gmail.com (D. Bazeia), fabrito@df.ufcg.edu.br
(F.A. Brito), julio_cmota@yahoo.com.br (J.C. Mota-Silva).http://dx.doi.org/10.1016/j.physletb.2016.09.043
0370-2693/© 2016 The Author(s). Published by Elsevier B.V. This is an open access artic
SCOAP3.tem and an extra real scalar ﬁeld responsible for the domain walls 
plus other terms that breaks the Lorentz and CPT symmetries.
Lorentz and CPT symmetries are important properties in parti-
cle physics models and the possibility of breaking these symme-
tries has been considered in several different contexts [3,4]. The 
models considering Lorentz and CPT symmetries violations as ex-
tensions of the standard model can modify the scalar Higgs sector 
and this gives room for defect structures of more general pro-
ﬁles [2].
The main feature presented in our model is that it can describe 
a domain wall superconductivity whose Lorentz-violating term can 
play the role of magnetic impurities in the superconductor. Mag-
netic impurities have a number of striking effects on superconduc-
tivity and one of their effects is the Kondo effect [11,12]. As we 
shall show, our model can describe the well-known competition 
between Kondo effect and superconductivity [13,14] at the domain 
wall.
The Letter is organized as follows. In Sec. 2 we present 
the model enriched with the term that allows the Lorentz and 
CPT symmetries breaking, which enjoys a new parameter — the 
Lorentz-violating parameter. In Sec. 3 we consider the soliton so-
lutions as background ﬁelds to solve a Schroedinger-like equation 
for the electromagnetic ﬁeld. In Sec. 4 we calculate the conden-
sate at ﬁnite temperature as a function of the new parameter. 
In Sec. 5 we ﬁnd the optical conductivity of the system and dis-
cuss the inﬂuence of the new parameter. In Sec. 6, we establish 
a clear relationship between the Lorentz-violating parameter and 
the concentration of impurities of a superconducting material with le under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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Sec. 7 we make our conclusions.
2. The model with κμν
In this section we follow the Lagrangian that describes the su-
perconducting domain wall given by [1]
L= 1
2
∂μφ∂
μφ + (∂μχ + iqAμχ)(∂μχ∗ − iqAμχ∗)
− V (φ,χ,χ∗) − 1
4
Fμν F
μν, (1)
where μ, ν = 0, 1, 2, ..., d are bulk indices for arbitrary (d − 1)-di-
mensional domain walls. In the present case, we shall focus on 
2-dimensional domain walls such that μ, ν = t, x, y, r.
Let us now extend this Lagrangian to study a model with the 
possibility of Lorentz-symmetry violation. Firstly, we consider the 
class of models with real scalar ﬁelds [2]
L= 1
2
∂μφ∂
μφ + 1
2
κμν∂μφ∂νφ + 1
2
∂μχ∂
μχ
+ 1
2
κμν∂μχ∂νχ − V (φ,χ), (2)
where κμν is a constant tensor whose components in general read
κμν =
⎛⎜⎜⎝
ζ ε ε ε
ε ζ ε ε
ε ε ζ ε
ε ε ε ζ
⎞⎟⎟⎠ , (3)
with ζ and ε being real parameters and the scalar potential is 
given in terms of a ‘superpotential’ W as follows
V (φ,χ) = 1
2
W 2φ +
1
2
W 2χ , (4)
where Wφi stands for partial derivatives of W with respect to 
ﬁelds φi . The equations of motion are given by
φ + κμν∂μ∂νφ = −∂V (φ,χ)
∂φ
, (5)
χ + κμν∂μ∂νχ = −∂V (φ,χ)
∂χ
. (6)
Now for simplicity, but keeping the scenario still rich enough for 
our present discussion, we take ε = 0, then the equations of mo-
tion for the ﬁelds φ ≡ φ(t, r) and χ ≡ χ(t, r) are
φ¨ − φ′′ + ζ(φ¨ + φ′′) = −∂V (φ,χ)
∂φ
, (7)
χ¨ − χ ′′ + ζ(χ¨ + χ ′′) = −∂V (φ,χ)
∂χ
. (8)
Thus, for static solutions we get
φ′′(1− ζ ) = ∂V (φ,χ)
∂φ
, (9)
χ ′′(1− ζ ) = ∂V (φ,χ)
∂χ
. (10)
By making the following transformation on the transversal coordi-
nate r
r˜ = r√
1− ζ , (11)
the equations of motion for the scalar ﬁelds can be rewritten asφ′′(˜r) = ∂V
∂φ
, (12)
and
χ ′′(˜r) = ∂V
∂χ
. (13)
The dynamics of the model (2) governed by the equations of 
motion (12) and (13) can be reduced to the ﬁrst order equations 
[7,8]
dφ
d r˜
= Wφ, dχ
d r˜
= Wχ . (14)
For a speciﬁc superpotential
W (φ,χ) = λ
(
1
3
φ3 − φ a2
)
+ μφχ2 (15)
the model produces domain wall solutions whose kink proﬁles are 
the following well-known BPS static solutions, known as type I so-
lution
φ = −a tanh(λa˜r)
χ = 0 (16)
and type II solution
φ = −a tanh(2μa˜r)
χ = ±a
√
λ
μ
− 2 sech(2μa˜r). (17)
For latter convenience, the type II solution in terms of the original 
coordinate r is
φ˜ = −a tanh
(
2μa√
1− ζ r
)
χ˜ = ±a
√
λ
μ
− 2 sech
(
2μa√
1− ζ r
)
. (18)
3. Superconducting type II domain wall solution
The superconducting domain wall developing a condensate can 
be obtained from the following Lagrangian with Lorentz-violating 
symmetry but preserves the Z2 × U (1) symmetry:
L= 1
2
∂μφ∂
μφ + 1
2
κμν∂μφ∂νφ + Dμχ(Dμχ)∗
+ κμνDμχ(Dνχ)∗ − V (φ,χ,χ∗) − 1
4
Fμν F
μν, (19)
where Dμ = ∂μ − iqAμ and Fμν = ∂μAν − ∂ν Aμ . The potential is 
appropriately chosen as
V (φ,χ,χ∗) = 1
2
λ2(φ2 − a2)2 + λμ(φ2 − a2) |χ |2
+ 1
2
μ2 |χ |4 + μ2φ2 |χ |2 . (20)
The equations of motion for the coupled complex scalar and elec-
tromagnetic ﬁelds are given by
χ + κμν [∂μ∂νχ − iqAν∂νχ − iqAμ∂μχ − q2AμAνχ ]
+ ∂V
∂χ∗
− q2AμAνχ − 2iqAγ ∂γ χ = 0, (21)
Aθ + κμν [iqχ∗∂θχ − iqχ∂θχ∗ + q2δθμAν |χ |2
+ q2δθν Aμ |χ |2] + iq[χ∗∂θχ − χ∂θχ∗] − 2q2Aθ |χ |2 = 0. (22)
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we solve the equation (22) by introducing
Aμ(t, r) = Aμ(r)exp (−iωt) χ(t, r) = χ˜ (r)exp (−iθt), (23)
such that we get
−A′′x + 2(1− ζ )q2Ax |χ˜ |2 = ω2Ax. (24)
Let us make the following redeﬁnitions
α ≡ 2μa√
1− ζ ,
1
4
2 = 2q˜2a2
(
λ
μ
− 2
)
, q˜ =√1− ζq. (25)
Thus,
−A′′x +
1
4
2 sech2(αr)Ax = ω2Ax, (26)
which solution is
Ax(ω,α, , r) = ( sech(αr)) iωα 2F1
[
a1;a2;a3; 1
2
(1− tanh(αr))
]
,
(27)
where the parameters a1, a2 and a3 are given by
a1= 1
2
−2iω + α + √−2 + α2
α
, (28)
a2= −1
2
2iω − α + √−2 + α2
α
, (29)
a3= − iω − α
α
. (30)
4. The condensate at ﬁnite temperature
To introduce the effects of temperature in the system we iden-
tify the solutions φ˜ and χ˜ in terms of an accelerated observer 
coordinates as follows [1]
φ˜ = αat(τ ), (31)
χ˜ = α
(
λ
μ
− 2
) 1
2
az(τ ), (32)
where
t(τ ) = 1
α
tanhατ, (33)
z(τ ) = 1
α
sechατ . (34)
Note that (τ ) is identiﬁed with Euclidean time. We use the deﬁni-
tion of the acceleration to establish the following relationship
ac ≡
√
aμaμ = α − 1
2
α(ατ)2 + ...
≈ α. (35)
In this approximation (regime of small velocities) the accelerated 
observer is of the Rindler type. We use the Unruh temperature to 
ﬁnd α ≈ 2π T˜ , where (up to a numerical factor of 2π that can be 
absorbed into τ ) we shall simply identify the modiﬁed tempera-
ture as
α ≡ T˜ = 2μa√
1− ζ =
T√
1− ζ . (36)
This temperature obtained using the type II solution is the temper-
ature inside the condensate — see below. For temperatures T ≥ Tc , 
where Tc is the critical temperature we take advantage of the type I solution (16). Thus, following Eq. (36) is natural to deﬁne 
the modiﬁed critical temperature in terms of the energy scale λa
of (16) as follows
T˜c = λa√
1− ζ =
Tc√
1− ζ . (37)
Since the aforementioned type II BPS solution follows elliptic orbits 
[1,7,8], then we can also deﬁne the acceleration of the system (in 
the target space) as
d2χ˜
dφ˜2
∣∣∣∣
r0
= d
dφ˜
(
dχ˜
dφ˜
)∣∣∣∣
r0
= d
dφ
(
dW χ˜
dW φ˜
)∣∣∣∣∣
r0
= W φ˜χ˜
W φ˜
− W φ˜φ˜W χ˜
W 2
φ˜
∣∣∣∣∣
r0
= −
√
λ
μ − 2
a sech(αr0)
(
1+ λ
μ
tanh2(αr0)
sech2(αr0)
)
. (38)
Since the coordinates (φ˜, ˜χ) has dimension of energy, the accel-
eration in the target space can be now related to the (Unruh) 
temperature of the system as in the form [1]
β =
∣∣∣∣d2χ˜dφ˜2
∣∣∣∣
r0
, β = 1
T
. (39)
In order to support the above statement, notice that from equa-
tions (31)–(34) we ﬁnd
d2χ˜
dφ˜2
= 1
α
d2 z¯
dt¯2
= α0
α
= 1
T
, (40)
where α0 is identiﬁed with a dimensionless constant acceleration. 
The coordinates z¯ = a 
(
λ
μ − 2
)1/2
z(τ ) and t¯ = at(τ ) are dimen-
sionless. In Eq. (40) it was assumed α0 = 2π/√1− ζ and α = 2π T˜
(here the 2π factor is restored).
We now expand the scalar solution χ˜ (r) around the core of the 
type II domain wall at r ≈ 0 that is
χ˜ (r) =m − 1
2
mα2r2 + ... (41)
to isolate the condensate deﬁned as 〈χ˜ 〉 ≈m. Now from Eqs. (36)–
(37) the temperature dependence is
m = a
√
λ
μ
− 2≡ a√2
√
Tc
T
− 1. (42)
In order to obtain a we can use Eqs. (38)–(39) in the ‘supersym-
metric vacuum’ (φ˜ = 0 and χ˜ = ±a
√
λ
μ ), that is, in the limit r0 ≈ 0
and λμ 
 1, which as a function of the temperature reads
1
T
≈
√
Tc
T
a
→ a ∼ T 1/2c T 1/2, (43)
thus,
m = √2Tc
√
1− T
Tc
. (44)
This implies that the condensate has precisely the desired form 
〈χ˜ 〉 ≈ m = √2Tc
√
1− TTc . The effective condensate which is felt by 
the electromagnetic ﬁeld through Eq. (24) is 〈χ˜ 〉ef f ≈ 4q˜ Tc
√
1− TTc
with dependence on the screened electric charge ˜q = √1− ζq. See 
Fig. 1.
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As well-known, from the Ohm’s law one can readily obtain the 
conductivity along a direction, say x-direction along the domain 
walls, in the form
σx(x, y) = J x
Ex
= A
′
x(0)
iωAx(0)
, (45)
where in the last step we have considered the fact that Ex =
−∂t Ax = iωAx and deﬁned the current density as J x = A′x(0). The 
latter can be easily justiﬁed by using the boundary conditions for 
the electromagnetic ﬁeld on an interface at some ﬁxed point (r = 0
or arbitrary point) of the transversal coordinate with the presence 
of a surface current. See Ref. [1], for further details on this issue.
Now using our solution (27) for the electromagnetic ﬁeld 
around a generic point r  δ we can write the conductivity as 
follows
σx(ω,α, , δ)
=
1
8 i(4ω
2 + 4iωα − 2) 2F1[b1,b2;b3; 12 (1− tanh (αδ))] sech(δα)2
ω(iω − α) 2F1[a1,a2;a3; 12 (1− tanh(αδ))]
+ tanh(αδ), (46)
where the parameters b1, b2 and b3 are deﬁned by
Fig. 1. The effective condensate as a function of temperature for charge q = 2 and 
ζ = 0, 0.3, 0.6, 0.9 and 0.95 from top to bottom.b1= −1
2
2iω − 3α + √−2 + α2
α
, (47)
b2= −1
2
−2iω + 3α + √−2 + α2
α
, (48)
b3= −iω − 2α
α
. (49)
We consider the conductivity normalized by the effective conden-
sate  → q˜, such that we deﬁne α = q˜−1q˜ and ω = ωrq˜ into σ . 
The Fig. 2 shows the real and imaginary parts of the conductiv-
ity as a function of ωq˜〈χ 〉 (reduced frequency). The effect of values 
of the screened charges via inﬂuence of ζ can be noticed. This 
clearly shows a ﬁrst evidence for impurities effect in the optical 
conductivity as a consequence of the Lorentz-violation term de-
scribed by the Lorentz-violating parameter. These effects in the 
optical conductivity remind those results obtained in a recent re-
search about impurity effects in holographic superconductors [15]. 
We shall address further evidences of impurities being described 
in Lorentz-violating quantum ﬁeld theory — see below.
The conductivity for ζ = 0 (with no impurities) as a function of 
the frequency normalized by the temperature can also be noticed 
in Fig. 3. The ﬁgures also show the presence of a pole in the imag-
inary part of the conductivity. Indeed there is always a pole in Im 
(σ ) as long as  ≡ 〈χ˜ 〉ef f is real, i.e. as T < Tc , since one can be 
shown that
Im σ(ω) → 
ω
, as ω → 0. (50)
This can also be conﬁrmed by noticing in Fig. 3 that the more the 
temperature decreases a pole in the imaginary part is favored (blue 
line). As the temperature approaches the critical temperature (red 
line) the pole starts to disappear. Then according to the Kramers–
Kronig relation
Im σ(ω) = − 1
π
P
∞∫
−∞
Re σ(ω′)dω′
ω′ −ω (51)
the existence of such a pole implies an existence of a delta func-
tion in Re σ(ω) at ω = 0 for temperatures below the critical tem-
perature Tc . Thus our model presents an inﬁnite DC conductivity 
as expected for a superconductor.Fig. 2. The real (left panel) and imaginary (right panel) part of conductivity as a function of the frequency normalized by the effective condensate for screened charges q˜ at 
ζ = 0.937500, 0.609375 and 0 from top to bottom; δ = 0 and q = 32.
D. Bazeia et al. / Physics Letters B 762 (2016) 327–333 331Fig. 3. The real (left panel) and imaginary (right panel) part of conductivity as a function of the frequency normalized by the temperature for charge q = 1, ζ = 0 and 
temperatures T = 0.99, 0.85, 0.45 and 0.20 from top to bottom; δ = 0 and the critical temperature is Tc = 1. (For interpretation of the references to color in this ﬁgure, the 
reader is referred to the web version of this article.)6. Kondo effect
We notice from Fig. 1 that as ζ → 1 the screening charge q˜
goes to zero and in tuns  ≡ 〈χ˜ 〉ef f → 0. At this regime the su-
perconductivity is destroyed even at T < Tc . If we assume ζ as 
an external magnetic ﬁeld, the existence of superconductivity im-
poses a limit on it. On the other hand, this may also be related to 
Kondo effect, where magnetic impurities decreases the conductiv-
ity. It is related to the increasing of the electric resistivity at low 
temperature as a response of the strong interaction between the 
conduction electrons and magnetic impurities in a normal metal 
or superconductor material. The main result that we shall present 
below seems to show a strong evidence of the Kondo effect (or 
at least a Kondo-like effect). Indeed the decreasing of the conden-
sate as ζ → 1 has particular resemblance with the pair-breaking 
due to magnetic impurities, reported long ago in [11,12]. As we 
shall show explicitly, the critical temperature tends to decrease as 
a function of impurity concentration n¯ ∼ 1/ρ , where ρ is the den-
sity of states of conduction electrons per atom per spin. In order 
to make a precise connection of our results with the Kondo effect 
we ﬁrst expand the well-known critical temperature [12] in pow-
ers of n, i.e.
Tc ∼ TK exp
(
− 1|g|Nρ − nTKρ
)
= Tc0
(
1− n
TK c2ρ
)
+O(n2).
(52)
This is for Tc0  TK < TD and electrons with energy lesser 
than TK . The superconducting interaction |g| is reduced by a re-
pulsion ∼ n/NTKρ2 between impurity and electrons. Here c =
|g|Nρ is depending on the superconducting interaction g , ρ and 
the number of the atoms N . Tc0 ≡ TK e−1/c is the critical tempera-
ture without impurities and TK is the Kondo temperature. Eq. (52)
can be recast in the form
Tc
Tc0
= 1− (2π)
2Tc0
TK c2
n¯ +O(n2), (53)
where n¯ = n/(2π)2Tc0ρ is the impurity concentration. This is the 
simplest regime in order to make a quicker and clear connection 
between the impurity concentration and the Lorentz-violating pa-
rameter ζ — see below. In the following we shall address other 
interesting regimes.
Interestingly, for large αδ the argument in the hypergeometric 
functions in Eq. (46) goes to zero as e−2αδ . In this regime we can expand the conductivity formula by a power series of few terms 
given by
Reσ(ω,α) ≈ δ(ω)
(
1− 1
8
2
α2
e−2αδ + ...
)
∼= δ(ω)e−
1
8
(

α
)2
, (54)
where
 = e−αδ, (55)
precisely deﬁnes the binding energy (T =0) 2Tc of a Cooper 
pair as long as we identify  = 2ωD ≡ 2TD as the Debye tem-
perature and δα = 1/V NF , being V > 0 the binding potential and 
NF the density of orbitals with Fermi’s energy according to the 
Bardeen–Cooper–Schrieffer (BCS) theory of superconductors. Thus, 
the critical temperature is deﬁned as
Tc = TDe−αδ. (56)
Since we are assuming the exponent in terms of a binding po-
tential V it might be clear that the parameter ζ indeed drives a 
variation of such binding potential as follows,
V˜ = V√1− ζ = V − V , (57)
where V = (1/2)V ζ +O(ζ 2) clearly weakens the binding energy 
of the Cooper pairs. Then, recalling that α ≡ T /√1− ζ and assum-
ing the same previous reasoning the critical temperature becomes
Tc = TDe−T δ− 12 T δζ = Tc0e− 12 T δζ . (58)
Here we have identiﬁed Tc0 as the critical temperature without 
impurities. Since δ is some position from the core of the domain 
wall with thickness ≈ 1/λa we ﬁnd in general
δ = 1
λa
+ dδ = 1
Tc
− dTc
T 2c
= 1
Tc
− bT
T 2c
, (59)
where in the last step of Eq. (59) the small contribution (dTc) is 
associated with a fraction b of some temperature scale T . Now let 
us evaluate T at the Kondo scale TK , such that
T δ ≡ TK δ = TK
Tc
− bT
2
K
T 2c
= TK
(
1− bTK
)
 TK . (60)Tc Tc Tc + bTK
332 D. Bazeia et al. / Physics Letters B 762 (2016) 327–333Fig. 4. The normalized critical temperature as a function of the Lorentz-violating parameter ζ (left panel) for TK /Tc0 = 1/32, 1/18, 1/8, 1/4 and 1; and ζ (right panel) for 
TK /Tc0 = 16, 8, 4, 2 and 1 from top to bottom. Tc0 = 1.Indeed Eq. (59) can be seen as few terms of the Taylor expansion 
of δ = 1/(Tc + bT ) in powers of T . Alternatively, for an inﬁnite 
series of such terms Eq. (60) converges to an exact equation. The 
critical temperature (58) can be now written as follows
Tc
Tc0
= exp
(
−1
2
ζ
Tc
T K
+ TKTc0
)
, (61)
where we have deﬁned the ratio b = TK /Tc0 in order to compare 
the Kondo scale with respect to Tc0 — adopted as an scale of refer-
ence. Now for the sake of comparison with previous results in the 
literature [11,12] see Fig. 4 for TK ≤ Tc0 (left panel) and TK ≥ Tc0
(right panel). Just as a matter of scales, in these plots we have 
rescaled δ → δ/, such that ζ → ζ into Eq. (61). In Fig. 4 we 
consider  = 30.
Now we can explicitly establish the relationship among ζ and 
the impurity concentration n¯ as follows. By expanding (61) in pow-
ers of ζ we ﬁnd
Tc
Tc0
= 1− 1
2
ζ
Tc
T K
+ TKTc0
+O(ζ 2)
= 1− 1
2
Tc0
TK
ζ +O(ζ 2), TK 
 Tc0. (62)
Then comparing equations (52), (53) and (62) it is easy to establish 
the correspondence ζ ≡ (8π2/c2)η¯. This makes a clear connection 
between the Lorentz-violating parameter and impurity concentra-
tion in a superconductor, which can display an alternative descrip-
tion of the Kondo effect in quantum ﬁeld theory.
The fact of Tc developing negative curvature for the case TK <
Tc0 (Fig. 4 — left panel) is in full accord with Abrikosov and 
Gor’kov (AG) theory [16]. However, as in the Muller-Hartman and 
Zittartz (MZ) theory [11], our results show a more striking fash-
ion. In this regime we can see that for TK suﬃciently small, Tc
becomes no single valued, and at some values of the impurity 
concentration n¯ (or ζ in our model) one appears three critical 
temperatures — this can be easily seen by drawing an imaginary 
vertical line intercepting three points at some curves. Particularly, 
there appear two transition temperatures Tc1 and Tc2 above TK for 
some values of n¯. This means that by decreasing the temperature, 
a system ﬁrst becomes superconducting at Tc1 and then becomes 
normal again at Tc2. A third critical temperature (if one consid-
ers the intercept point at the inﬁnite tails of the Tc − n¯ curves) means that a superconducting phase ﬁnally reappears at tempera-
tures below TK , which are hardly accessible experimentally. Thus, 
this effect showing that superconductivity does not exist at all 
lower temperatures is an evidence of the Kondo effect in super-
conductors. The MZ theory has been shown to be in agreement 
with several experiments. Particularly, the experimental evidence 
of three critical temperatures was clearly found in [17].
Despite of succeeding in several experiments, the formalism 
presented in the MZ theory is correct as long as the correlation 
between impurities can be neglected. The main criticism relies 
on the fact that the Tc − n¯ curve always has an inﬁnite tail, and 
there appears no critical impurity concentration n¯c where Tc van-
ishes. This is in contradiction with experiments that showed there 
always appears a ﬁnite critical concentration — see [12] for dis-
cussions on extensions of the MZ theory, where, basically, such a 
critical concentration is achieved by taking into account the dy-
namical properties of impurities.
We can see that our model can give such critical impurities if 
we take into account higher order in ζ in Eq. (61). An attempt 
in order to justify these higher order terms from the quantum 
ﬁeld theory point of view may be achieved by supplementing 
the Lorentz-violating term with higher order dynamical Lorentz-
violating terms.
7. Conclusions
In this paper, we extended the domain wall description of su-
perconductivity in a Lorentz-violating model. We have shown that 
the Lorentz-violating parameter ζ plays the role of impurities both 
because it provides a screening of electric charge of the system 
which affects the optical conductivity and the condensate and also 
because presents a reduction of the critical temperature in the 
same way as expected in the Kondo effect. In the Kondo effect 
such impurities are mainly expected to be magnetic impurities. So 
this new model may present a more realistic application in de-
scribing superconductivity in the realm of quantum ﬁeld theory in 
the limit of mean ﬁeld theory (GL theory) with the inclusion of 
Lorentz-violating terms.
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